###### Strengths and limitations of this study

-   This is the first study to assess changes in self-reported second-hand smoke (SHS) exposure in different types of venues and in homes, in order to evaluate the effectiveness of smoke-free legislation.

-   The sample size was large enough, and our samples were selected from different locations in Guangzhou with a multistage stratified design and covered a wide range of socioeconomic status.

-   Data used in this study were based on self-report and thus are subject to misclassification bias.

Introduction {#s1}
============

It is well known that inhaling second-hand smoke (SHS) is harmful. There is no risk-free level of exposure to SHS. Forty per cent of children, 35% of female non-smokers and 33% of male non-smokers were exposed to SHS, according to a retrospective analysis of worldwide burden of disease from SHS exposure from 192 countries. This results in an annual estimate of 603 000 deaths attributable to SHS.[@R1] SHS exposure is associated with adverse health effects, including heart disease, lung cancer and a worsening of asthma, sudden infant death syndrome and many others.[@R1] The tremendous burden from tobacco-induced diseases makes tobacco prevention an essential health priority in China.[@R5] [@R6]

Smoke-free legislation is the most effective method of reducing exposure to SHS.[@R7] Though the Framework Convention on Tobacco Control (FCTC) of WHO has been ratified in China since 2005, there is still no law on the national level for banning smoking in public indoor places and workplaces. In recognition of its FCTC obligations to protect its public from SHS exposure as stated in Article 8, and as a host of 2010 Asian Games, Guangzhou promised to create a smoke-free Game. Mostly driven by these two factors, Guangzhou became one of the earliest cities in China to implement smoke-free legislation on 1 September 2010. According to the legislation, a full smoking ban (100% smoke-free) covers public places including indoor government offices, medical facilities, schools, cultural venues (including theatres, concert halls, libraries, science centres, museums, galleries and others), commercial venues, public transportation vehicles and stadiums. The partial smoking ban (with smoking rooms) covers cafes/bars/nightclubs, amusement parks, restaurants, workplaces, hotels and waiting rooms of transportation vehicles. Although the 100% smoke-free did not cover all indoor areas, it was considered the most strict regulation in China at the time.

In order to assess the effectiveness of the smoke-free legislation in Guangzhou, the Guangzhou Association on Tobacco Control and International Union against Tuberculosis and Lung Disease funded a population-based survey. The survey was carried out on two separate occasions: in 2009, before the implementation of the ban, and in 2011, after the legislation came into effect. Although it is well known that smoke-free legislation is implemented primarily to protect non-smokers from exposure to SHS, little is known about the associations of smoke-free legislation with SHS exposure in China. Additionally, there was concern on the potential displacement of smoking from public places into the smokers' homes. Therefore, our study focuses on comparing SHS exposure in all types of public places and in homes. Additionally, we also explore if there is an increase in antitobacco advertisements and decrease in tobacco advertisements, which reflect the effective enforcement of smoke-free legislation.

Methods {#s2}
=======

Study design and sampling {#s2a}
-------------------------

A repeated cross-sectional survey of participants aged 15 years and older was conducted in Guangzhou using a multistage stratified design. The first survey was undertaken in May 2009, prior to the announcements of the smoke-free legislation to establish a baseline for measuring its impact. The second survey was conducted in May 2011, 9 months after implementation of the smoking ban. For each wave of the survey, a three-stage stratified sampling process was employed to obtain independent municipal representative samples. First, all the districts were divided into two categories according to geographical representations and levels of economic development, which are urban and rural areas. Two districts were randomly sampled from each of the two categories. Second, in each of the 4 districts, one-third of the street districts (Jie Dao) were randomly drawn, with the probability of selection proportional to the number of the streets. Third, within each selected street, one residential block (Ju Wei Hui) was selected, and a number of samples of permanent residents aged 15 years and older were selected by a convenience sampling method, using a probability proportional to the population size of the residential blocks.

Data collection and quality control {#s2b}
-----------------------------------

All interviewers in each area were trained to ensure that the survey was carried out according to the protocol and that operation procedures were identical across all areas. After obtaining verbally informed consent, eligible respondents were asked to complete a face-to-face survey by trained interviewers. Participants were assured of their anonymity by coding each survey without using names or personal identifiers. All participants received a towel (RMB ¥5) as a reward to participate. The questionnaires used in both surveys were based on the Global Adult Tobacco Survey[@R10] with slight modification to better suit the participants in Guangzhou. In order to evaluate the feasibility of investigation, a pilot study was carried out before formal investigation. All questionnaires were entered by trained data-entry personnel. Two levels of a quality control system, quality controller and quality leader, were used to check for potential errors in the questionnaires. Quality was also assured by using double data entry procedures and a system to automatically detect data entry errors. Any potential errors were verified using the original questionnaires.

Study variables {#s2c}
---------------

Our main outcome variable was self-reported SHS exposure defined as non-smokers' inhalation of smoke from the exhalation of smokers in any places. A current smoker is a person who has smoked daily in the last 30 days for at least 6 months. Non-smokers were also asked a series of questions on whether they had been in any of the public places in the past 2 weeks, and in each place, whether they had been exposed to SHS. Exposure to SHS in homes in the past 2 weeks was also evaluated. Exposure to advertisements was determined by responses to the questions "Did you notice or see any antitobacco advertisements in the last 2 weeks" and "Did you notice or see any advertisements on tobacco products in the last 2 weeks." The advertisements will come from television, radio, transportation vehicles, the internet, newspapers and magazines and other places.

Our main predictor variable was the implementation of smoke-free legislation on 1 September 2010. Covariates in our analysis were gender, locality type, age, education, employment and income. We categorised age into three groups (18--24, 25--54, 55+ years) and collapsed per capita household monthly income into two groups (≤¥1000, \>¥1000 ) for the analyses so as to increase the power of the test. Education was categorised into three groups: primary school, secondary school and high school or higher.

Data analysis {#s2d}
-------------

We conducted separate analyses to examine the associations of legislation with SHS exposure and advertisement exposure using multiple logistic regression models. To account for sample design/weighting in the estimation procedures, statistical analyses were conducted with weighted data except for those otherwise specified. We defined a two-sided p value of ≤0.05 as being of statistical significance. All statistical analyses were conducted using STATA V.10.0 (StataCorp LP, College Station, Texas, USA). For this study, only non-smokers were included in the analyses.

Results {#s3}
=======

Sociodemographic characteristics of non-smokers {#s3a}
-----------------------------------------------

Results are presented from the group of non-smokers in both surveys. In the first survey (2009 sample), a total of 4900 participants were interviewed, of whom 3989 (81.4%) were non-smokers. In the second survey (2011 sample), a total of 5135 participants were interviewed, of whom 4240 (82.6%) were non-smokers. The characteristics in both surveys were similar and had no significant differences in gender, age and education ([table 1](#BMJOPEN2013004273TB1){ref-type="table"}).

###### 

Sociodemographic characteristics of non-smokers according to survey waves (year 2009 vs 2011), in Guangzhou, China

  Characteristics                           n      2009 Sample   2011 Sample   χ^2^   p Value            
  ----------------------------------------- ------ ------------- ------------- ------ --------- -------- -------
  Gender                                                                                                 
   Male                                     2705   1279          32.1          1426   33.6      2.29     0.130
   Female                                   5524   2710          67.9          2814   66.4               
  Age (years)                                                                                            
   15--24                                   1473   681           17.1          792    18.7      3.53     0.171
   25--54                                   4832   2365          59.4          2467   58.2               
   55+                                      1918   938           23.5          980    23.1               
  Education                                                                                              
   Primary school                           1335   636           16.0          699    16.5      4.36     0.113
   Secondary school                         2442   1145          28.9          1297   30.6               
   High school or higher                    4430   2189          55.1          2241   52.9               
  Locality type                                                                                          
   Urban                                    5101   2542          63.7          2559   60.4      9.92     0.002
   Rural                                    3128   1447          36.3          1681   39.6               
  Employment                                                                                             
   Yes                                      4404   2038          51.1          2366   55.8      18.34    0.000
   No                                       3825   1951          48.9          1874   44.2               
  Per capita household monthly income (¥)                                                                
   ≤1000                                    1763   1086          27.9          677    16.0      169.35   0.000
   \>1000                                   6369   2809          72.1          3560   84.0               

All estimates are unweighted.

n, number of non-smokers in both surveys; n~1~, number of non-smokers in the first survey; n~2~, number of non-smokers surveyed in the second survey; per cent, the proportion of non-smokers surveyed

SHS exposure in full smoking ban places {#s3b}
---------------------------------------

In public places with a full smoking ban, the self-reported overall SHS exposure decreased significantly (from 58.8% to 50.3%; p\<0.05; [table 2](#BMJOPEN2013004273TB2){ref-type="table"}). The largest impact was observed in cultural venues (from 23.3% to 14.0%; p\<0.05) with a 39.9% reduction. The second and the third largest declines in SHS exposure occurred in commercial venues (from 34.6% to 23.8%; p\<0.05) with a 31.2% reduction and government offices (from 51.6% to 35.7%; p\<0.001) with a 30.8% reduction. A significant decrease was also observed in medical facilities, public transportation vehicles and primary/secondary schools. However, no significant decline in SHS exposure was observed in stadiums and universities.

###### 

Self-reported exposure to SHS of non-smokers in the last 2 weeks according to survey waves (year 2009 vs 2011), in Guangzhou, China

  Extent of smoking restriction, location   2009 Sample   2011 Sample   Reduction (%)   aOR (95% CI) for smoking law   p Value                         
  ----------------------------------------- ------------- ------------- --------------- ------------------------------ --------- --------------------- -------
  Full smoking ban                                                                                                                                     
   Cultural venues                          946           23.3          1258            14.0                           39.9      0.52 (0.37 to 0.74)   0.015
   Government offices                       671           51.6          684             35.7                           30.8      0.53 (0.52 to 0.55)   0.000
   Commercial venues                        3222          34.6          3783            23.8                           31.2      0.58 (0.35 to 0.94)   0.041
   Primary/secondary schools                1296          34.9          1493            28.6                           18.1      0.74 (0.62 to 0.88)   0.018
   Medical facilities                       1242          46.9          1632            36.4                           22.4      0.66 (0.44 to 0.98)   0.046
   Public transport vehicles                2956          34.6          3542            26.6                           23.1      0.66 (0.60 to 0.73)   0.003
   Stadiums                                 858           35.4          951             31.8                           10.2      0.80 (0.36 to 1.75)   0.341
   Universities                             489           49.7          557             48.0                           3.4       0.91 (0.58 to 1.42)   0.450
   Subtotal                                 3760          58.8          4123            50.3                           14.5      0.69 (0.55 to 0.87)   0.020
  Partial smoking ban                                                                                                                                  
   Cafes/bars/nightclubs                    838           91.0          981             87.1                           4.3       0.59 (0.42 to 0.84)   0.023
   Restaurants                              2785          84.5          3374            78.3                           7.3       0.65 (0.52 to 0.81)   0.014
   Hotels                                   667           70.1          833             61.6                           12.1      0.67 (0.46 to 0.98)   0.047
   Workplaces                               1872          64.9          2212            56.2                           13.4      0.69 (0.50 to 0.96)   0.040
   Amusement parks                          2209          76.5          2929            72.7                           5.0       0.79 (0.68 to 0.92)   0.021
   Waiting room of transport vehicles       2773          76.4          3484            73.7                           3.5       0.86 (0.73 to 1.02)   0.064
   Subtotal                                 3731          89.5          4136            87.4                           2.3       0.78 (0.73 to 0.84)   0.005
  No ban                                                                                                                                               
   Home                                     3842          39.6          4185            40.0                           −1.0      1.02 (0.92 to 1.14)   0.454

Gender, locality type (urban vs rural), age (18--24, 25--54, 55+ years), education (primary school, secondary school and high school or higher), employment (yes vs no) and income (≤¥1000 vs \>¥1000) have been controlled for in the multiple logistic regression model. The survey sample size (n) is unweighted while other estimates are weighted.

aOR, adjusted OR; n, number of non-smokers surveyed; SHS, second-hand smoke.

SHS exposure in partial smoking ban places {#s3c}
------------------------------------------

In public places with a partial smoking ban ([table 2](#BMJOPEN2013004273TB2){ref-type="table"}), a significant decrease in overall SHS exposure was observed (from 89.5% to 87.4%; p\<0.01). A significant decline was mainly observed in hotels (70.1% in 2009 vs 61.6% in 2011, p\<0.05), workplaces (64.9% in 2009 vs 56.2% in 2011, p\<0.05), restaurants (84.5% in 2009 vs 78.3% in 2011, p\<0.05), cafes/bars/nightclubs (91% in 2009 vs 87.1% in 2011, p\<0.05) and amusement parks (76.5% in 2009 vs 72.7% in 2011, p\<0.05). There was no significant change observed in waiting rooms of public transportation vehicles. Of note, exposure to SHS remained high in these indoor places.

SHS exposure in homes {#s3d}
---------------------

Although the smoke-free regulation did not cover any areas in homes, SHS exposure in homes was lower than in any types of partial smoking ban places ([table 2](#BMJOPEN2013004273TB2){ref-type="table"}). In addition, the smoke-free legislation did not lead to more SHS exposure in homes (39.6% in 2009 vs 40.0% in 2011, p=0.454) among all participants.

Exposure to advertisement {#s3e}
-------------------------

Self-reported overall exposure to antitobacco advertisement increased significantly from 54.2% to 72.3% between 2009 and 2011 (p\<0.05, [table 3](#BMJOPEN2013004273TB3){ref-type="table"}). The largest impact was recorded outdoors (on posters, billboards or wallpapers) with a 316.1% increase (from 5.6% to 23.3%, p\<0.001). The second and the third largest increases in exposure occurred in transportation vehicles with a 139.4% increase (from 10.9% to 26.1%, p\<0.05) and on radio with a 98.3% increase (from 6.0% to 11.9%, p\<0.05). It was noted that a significant rise was also observed on television, over the internet and in magazines after adjusting for covariates. However, no significant decline in exposure to tobacco advertisements was observed ([table 4](#BMJOPEN2013004273TB4){ref-type="table"}).

###### 

Exposure to antitobacco advertisements among non-smokers according to survey waves (year 2009 vs 2011), in Guangzhou, China

  Noticed/seen any antitobacco advertisements in the last 2 weeks (yes)   Exposure to antitobacco advertisements (%)   Increase (%)   aOR (95% CI) for smoking law   p Value               
  ----------------------------------------------------------------------- -------------------------------------------- -------------- ------------------------------ --------------------- -------
  Outdoors                                                                5.6                                          23.3           316.1                          5.13 (4.25 to 6.20)   0.001
  On transportation vehicles                                              10.9                                         26.1           139.4                          2.83 (1.58 to 5.07)   0.017
  On radio                                                                6.0                                          11.9           98.3                           2.10 (1.13 to 3.90)   0.035
  On television                                                           45.6                                         62.6           37.3                           2.00 (1.07 to 3.73)   0.041
  Over the Internet                                                       9.5                                          18.1           90.5                           2.04 (1.97 to 2.11)   0.000
  In newspapers                                                           20.4                                         30.6           50.0                           1.73 (0.80 to 3.75)   0.094
  In magazines                                                            5.3                                          8.9            67.9                           1.76 (1.62 to 1.92)   0.001
  Any venue above                                                         54.2                                         72.3           33.4                           2.18 (1.21 to 3.92)   0.029

Gender, locality type (urban vs rural), age (18--24, 25--54, 55+ years), education (primary school, secondary school and high school or higher), employment (yes vs no) and income (≤¥1000 vs \>¥1000) have been controlled for in the multiple logistic regression model. All estimates are weighted.

aOR, adjusted OR.

###### 

Exposure to tobacco advertisements among non-smokers according to survey waves (year 2009 vs 2011), in Guangzhou, China

  Noticed/seen any tobacco advertisements in the last 2 weeks (yes)   Exposure to tobacco advertisements (%)   Reduction (%)   aOR (95% CI) for smoking law   p Value               
  ------------------------------------------------------------------- ---------------------------------------- --------------- ------------------------------ --------------------- -------
  On television                                                       16.6                                     14.4            13.3                           0.86 (0.68 to 1.08)   0.106
  In magazines                                                        2.5                                      1.6             36.0                           0.60(0.30 to 1.22)    0.093
  In newspapers                                                       5.7                                      4.2             26.3                           0.74 (0.32 to 1.71)   0.258
  On radio                                                            1.9                                      1.9             0.0                            1.01 (0.32 to 3.12)   0.982
  Over the Internet                                                   3.3                                      3.3             0.0                            0.96 (0.64 to 1.45)   0.722
  On transport vehicles                                               2.5                                      2.3             8.0                            0.88 (0.30 to 2.56)   0.647
  Outdoors                                                            3.3                                      3.5             −6.1                           1.10 (0.76 to 1.60)   0.374
  Any venue above                                                     21.2                                     18.2            14.2                           0.80 (0.63 to 1.02)   0.059

Gender, locality type (urban vs rural), age (18--24, 25--54, 55+ years), education (primary school, secondary school and high school or higher), employment (yes vs no) and income (≤¥1000 vs \>¥1000) have been controlled for in the multiple logistic regression model. All estimates are weighted.

aOR, adjusted OR.

Discussion {#s4}
==========

The most striking finding from this study was that self-reported SHS exposure in public places with a full smoking ban had declined significantly, while SHS exposure continued at high levels in public places with a partial smoking ban. Our findings suggested that the smoke-free legislation in public places did not lead to an increase in SHS exposure in homes. In addition, the implementation of smoke-free legislation was accompanied by an increase in exposure to antitobacco advertisements in Guangzhou.

Putting a full smoking ban into action was shown to be effective in reducing SHS exposure in public places.[@R11] Exposure to SHS has decreased greatly in the indoors of public places in Uruguay after the implementation of a comprehensive smoke-free legislation.[@R11] The survey in Albania also found a significant decline in SHS exposure in government offices (from 59% to 26%) and medical facilities (from 35% to 8%) after the adoption of strong smoke-free policies.[@R12] Consistent with the above previous studies, this study found a significant reduction in overall SHS exposure in these full ban places, especially among cultural venues, government offices and commercial venues. It was noteworthy that the SHS exposure in these venues started from a lower level in the baseline survey and was still remarkably high in the follow-up survey. It may be due to the poor compliance with the law and the difficulty of enforcing the law in Guangzhou. In addition, bans without exemptions for smoking rooms were mainly implemented in venues where smoking is generally less frequent and less resistance was to be expected, so this high postlegislation SHS exposure especially in universities would be alarming. It was noteworthy that there was a significant decline in SHS exposure in primary/secondary schools, but SHS exposure in universities stayed at a high level and no significant decline was observed after the smoke-free legislation. However, the nicotine concentration in a Spanish university decreased by a minimum of 60% after a complete ban.[@R9] In another study in Albania, it was found that there is a protective impact of tobacco control policies in schools, including universities.[@R13] These findings indicated that the government in Guangzhou needs to take measures to ensure the effective implementation of a full smoking ban in universities.

Despite these positive impacts of smoke-free legislation, concerns have been expressed regarding the potential displacement of smoking from public places into the smokers' homes. Studies from the USA[@R14] and from Hong Kong[@R15] have indicated that smoke-free policy in public places encourages smokers to smoke more in their homes, and hence increased SHS exposure to their family members, especially children. However, our study found no evidence to support the above findings since the self-reported SHS exposure in homes did not increase after the smoking ban in public places (39.6% in 2009 vs 40% in 2011; p=0.454). These results are in agreement with previous studies,[@R16] indicating that smoke-free legislation does not lead to more smoking in homes and smoke-free legislation may encourage smokers to give up smoking in their own homes.

Interestingly, accumulating evidence suggests that spatial separation of rooms where smoking is allowed does not prevent SHS exposure in the nearby non-smoking areas. A study in Swiss restaurants, cafes and bars showed that PM2.5 levels in non-smoking areas were considerably increased if smoking was allowed anywhere in the same location, and were more than double those in completely smoke-free areas.[@R21] Another study in clubs of Australia found that spatially separated non-smoking rooms had only marginally reduced PM10 and CO~2~.[@R22] In addition, several longitudinal studies indicated that a partial smoking ban provides no protection to SHS exposure in hospitals and workplaces.[@R7] [@R23] [@R24] In our study, some reduction in SHS exposure was detected in cafes/bars/nightclubs, restaurants, workplaces, hotels and amusement parks after the implementation of a smoking ban. Nevertheless, SHS exposure was still high due to the permissiveness of the law towards tobacco use in these spaces. Of note, studies in Switzerland, Guatemala and Minnesota have showed that a full smoking ban in hospitals and workplaces is feasible and has led to a remarkable reduction in SHS exposure.[@R25] These findings did provide some indications that adopting a stricter smoke-free legislation in Guangzhou was a positive step, meaning that a partial smoking ban should gradually transform into a full smoking ban.

The effect of the smoke-free policies on SHS exposure should be understood in the context of a good tobacco control atmosphere.[@R12] [@R28] A previous study has reported that decreases in self-reported SHS found in Mexico were due to the higher exposure to radio and television smoke-free campaigns, which were aired to support the smoke-free legislation.[@R28] To some extent, because of the inadequate enforcement of new tobacco control policies and high exposure to cigarette advertising in Albania, smoking prevalence among males did not decrease, and smoking rates among females and males aged 18--29 years continue to grow, which will lead to more SHS exposure in public places.[@R12] The findings in our study demonstrated that the tobacco control atmosphere has improved significantly in Guangzhou. First, a significant rise in antitobacco advertisements was observed outdoors, on transportation vehicles, on radio, on television, over the internet and in magazines after the smoke-free law in Guangzhou. It was noteworthy that more than 70% of the population reported exposure to some antitobacco advertisements and almost 63% of them reported exposure to antitobacco advertisements on television in 2011. In addition, no significant increase in tobacco advertisements was found in each media.

The advantage of this study was that the Guangzhou smoke-free legislation with local characteristics allowed us to evaluate the different impacts of smoke-free policy on SHS exposure in different types of venues at the same time. Additionally, we use multiple models including moderator variables (ie, general demographic information) to adjust the impact of the tobacco control policy, which may strengthen the explanatory power of the model. However, several potential limitations also needed to be considered. First, the use of repeated cross-sectional data to assess the effect of smoke-free legislation might introduce bias, given that there might be systematic differences in respondents sampled in different surveys. However, these characteristics of the two survey respondents had no significant difference in our study and the multiple logistic models were used to adjust for potential covariates (eg, gender, locality type, age, education, employment and income). Second, data used in this study were based on self-report and thus were subject to misclassification bias. However, estimates obtained from population-based surveys that use self-report are generally valid, apart from when there is a high demand for abstinence.[@R29] In addition, the measures had been used in previous similar studies in other countries and the results were consistent with previous studies as noted above.[@R11] It was noteworthy that self-reported exposure to SHS only allowed the prevalence of SHS exposure to be assessed, but not the 'quality' of SHS exposure(eg, nicotine concentration in the air). It is possible that the prevalence of SHS exposure remained constant, but the quality of exposure has changed. Third, participants were selected by convenience sampling, which may limit the generalisation of this study to other populations. However, the sample size was large enough, and our samples were selected from different locations in Guangzhou with multistage stratified design and covered a wide range of social capital and socioeconomic status. Thus, we consider our study population reflective of the SHS exposure status of the general population of Guangzhou. Finally, this study did not measure the actual number of displayed advertisements since it was difficult to remember the exact amount of advertisements exposed and was subject to recall bias. So this article cannot rule out the effect of awareness to advertising on exposure to advertisements.

In conclusion, these findings demonstrate that SHS exposure reduced more significantly in full smoking ban places than in partial smoking ban places, and this smoke-free policy does not lead to more SHS exposure in homes. These findings are useful for helping to inform smoke-free policy debates that are taking place in many other countries in the wake of the FCTC. These findings also point out the urgent need for a comprehensive smoke-free legislation covering all public places and workplaces in Guangzhou to protect the public from SHS hazards, as called for in Article 8 of the FCTC.
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